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FOREWORD 


.  "  The  research  effort  described  in  this  report  was 

|i  4?  '•  , 

si.  conducted  by  the  Chemical  Synthesis  Unit  of 

Rocketdyne's  Research  Department  under  Contract 

Nonr  1818(00)  for  the  period  16  March  1961  through 

15  June  1961.  :  •  » 


//  -  ■  o  o  <■ 

The (responsible  scientist  for  this  work  was 


Dr.  Emil  A  Lawton  and  full  time  associates  were 


0  Dr.  Howard  H.  Rogers  and  John  Q.  Weber. 
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ABSTRACT 


w-VV  ,  A 


The  electrolysis  of  solutions  of  N^O  or  other  0 
nitrogen-oxygen  compounds  in  anhydrous  HF  was  ini- 

K"  .  ^  ,  ...  v  O 

tiated  as  a  means  of  synthesizing  N-O-F  compounds. , 
The  reaction  of'N^O^  with  HF  was  investigated  and 
preliminary  electrolyses ^were  performed  to  obtain 

><A>  O 

cell  design  data.  Gas  evolution  was  observed  at 
the  anode  but  not  at  the  cathode,  indicating  that 
NO  may  be  a  cathodic  product.  Platinum  was  found 

O  •  O 

to  reduce  the  voltage  necessary  to  conduct  the 
electrolysis  as  compared  to  nickel.  Other  data 
necessary  for  the  cell  design  were  determined  and 
the  design  of  the  cell  and  associated  equipment  is 

\i  ,,  ... 

complete .  .  °  0 


Dif  luorourea  was  reacted  with  N:,.N  dif luorocarbamyl 

'  II 

chloride,  acetylchloride ,  perchloryl/ fluoride , 

^  o  .  II  o 

nitrosyl-: fluoride,  and  nitryl  fluoride  under  a  variety 

°  % 

of  conditions;  but  at  best,  only  intractable  tars  of  0 

//  •>  o 

low  oxidizer  content  were  obtained.  No  new  products 
of  interest  were  obtained  by  the  reaction  of  N^F^ 

O  •>  0; 

with  t-butyl  peroxide  or  with  ozone.  Ozone  did  not 
react  with  NF^  or  either  isomer  of  NgF^, 


(Confidential  Abstract) 


O  >  % 


R-334-15 


FORM  609*8*1  PLATE  REV.  t-.SB 


O 


c 


o  . 


r>  o 


% 


■f. 


.  .  <■  O  ,,  C  ..  , 

.  o  '  '  x  Q  ■  .  • 

*  '\s.\  MOCKEXDVrVE  «.  * 

0  °  c  A  DIVISION  OF  NORTH  AMERICAN  AVIATION.  INft  'i 

-  > "r :?;p. 1 1 confidential  ■ ; :  y *■. :: 

{  '  ’  '  "  °  •:  "  "  '  "  " 

L  -  o  e  •  .  o  ■  ",  •  ,. 

°  '  V  ,  ...  0  .  c  ■  V', 

//  -  *  v  °  ■ ' '  < 

o  v  ......  °  *  *  ^  "  CONTENTS  V  :  *  ^ 

/  ..  -  °  c'  c  °  •  o  *  ..  c  °  "0  .. 

O  ,  '>  V  /s  <•  ..  ° 

C  '  c  .  o  °  0  o 

Foreword  .  .  .  .  .  "  .  .  .  t  ,°  .  .  .  .  .  .  .  iii 

o'  . 

<  Abstract  .  .  .  >  ..  .  .  .  ...  .  .*>  vr/  ,0  .  ,v.  .  .  ,iv 

<r  Introduction  .  .  .  .  .  ,  .  .  .  ..  .  "  .  K  "  .  .  I 

o  .  ...  O  ,  '•  O  • 

0  -  c  Discussion  .«••  .  .  . . .  .  .  *  ,  .  ,0  . .  *  «2 

-c-  j  —Electrochemistry  .....  . .  2 

\  J  Reactions  of  Difluorourea  .  .  .... .  lb 

Reactions  of  Tetraf luorohydrazine  . .  .  . .....  .  12 

Reactions  With  Ozone  .  .  0 .  .  .  .'  .  .  .  ,&  .*  .  13 

Experimental  Details  .  .  .  c.  .  .  .  .  .  14 

Reaction  of  HF  and  N„0,  . .  14 

o 

Electrolysis  Equipment  and  Procedures  .  .  .  14 

Electrolysis  of  Commercial  HF  .  .  .  .  .  *  .  \  .  .  .  *  15 

i  Electrolysis  of  HF-N.0  .  .  . . k°  16 c 

Corrosion  Tests  . .  17 

O  .  ,  O 

%  Summary  and  Future  Work  . ' .  18 

References  .  .  ' . .  19 


f— v. 
7 


j 


o 


ft  .. 


o'  V 

\S 


R-334-15 


FORM  0OS-B-1  PLATE  REV.  1-58 


W  c  ■ 
o  Avx- 

ik  ■  - 

SjX  X.  :■ 

’  X  .  X. 

J' 


O 


,W\' 


o 


;f  S,‘\ 
-  -  ;0 
-si 


3E*0  CKET  BYM  1E2 

A' DIVISION  OF  NORTH  AMERICAN  AVIATION*.!  N  3. 


•  r' 


o  o  *--?  •  v> 
iV^,  '1/ o 

— -V  V 
c-  y:  -.1  ✓ 


o 

>'c 


.  C  t1- 


o 

o 


INTRODUCTION  0  * 


As  previously  reported  oh  this  research  program,  the  development  of 
direct  fluorinatipn  techniques  has  resulted  in  the  preparation  of  several 
new  compounds  containing  the  nitrogen-to-f luorine  bond.  These  were  of 
interest  as  potential  high-energy  oxidizers  or  as  intermediates.  Subse- 

‘5  'O 

quently,  the  use  of  the  electrical  discharge  also  resulted  in  the  forma- 

0,  0 

tion  of  other  new  oxidizer  molecules.  In  this  report,  the  initiation  of 
still  another  approach  towards  the  synthesis  of  oxidizers  using  electrOly- 
sis  is  described.  Further,  other  reactions  with  difluorourea  are  also 

O  ..  ,  O 

described. 


'•o' 


-/  o  <5 


E_334_I5o 


FORM  SOa-B-l  PLATE  REV.  t-SS 


P'l'h  ° 


,  <  (O 


V.oV. 


H  . 


O  .O 


rooke:  tt  e 

A  DIVISION  or  NORTH  AMERICAN  AVIATION.  INC; 


€  ■>  ■ 


ELECTROCHEMISTRY 


DISCUSSION v 


0  ,.'J 


"■  L'\  i 

ft 


The  electrochemical  approach  in  oxidizing  solut’ioris>  for  the  preparation 
of  oxidizers  containing  nitrogen,  oxygen,  and  fluorine  lias  been  selected 
because  it  offers  interesting  preparative  possibilities  for  new  compounds. 

O  •>  '  C 

Incidentally,  should  such  compounds,  be  of  interest,  the  method  is  adapt¬ 
able  to  "scaling  up,"  °  °  o  5 


Much  work  has  been  done  in  the  electrolysis  of  ammonia,  amines,  pyridine 
and  other  nitrogen  containing  organic  compounds  dissolved  in  anhydrous 

O  ’’ 

hydrogen  fluoride.  For  example,  some  was  produced  with  guanidine 

in  a  Simons  cell  at  0  C  and  at  -7  C,  but  not  at  higher  temperatures 
(Ref.  1  ).  Tetranitrome thane  has  been  electrolyzed  (Ref.  2  and  3)  in 
a  Simons  Cell,  and  in  a  divided  cell  with  KHF^  as  a  conductivity  additive 
to  yield  0F2  and  CF^,  with  minor  amounts  of  NF^,  C^,  and  NOg.  Hydrogen 
evolution  was  noted  in  some  cases  and  not  in  others,  apparently  depending, 
at  least  in  part,  upon  the  concentration  of  te tranitrome thane .  The  elec¬ 
trolysis  of  an  inorganic  compound  containing  the  N-0  bond  was  reported  by 
Dow  (Ref.  1  and  4).  Hydroxylamine  dissolved  in  HF  in  a  Simons  Cell 
yielded  no  NFQ0F ,  OF  ,  FN0,o  or  NF_,  and  the  analysis  of  products  was 
complicated  by  numerous  explosions. 

The  probability  of  synthesizing  relatively  unstable  N-O-F  compounds  by  0  0 
electrolysis  would  be  expected  to  be  increased  by  the  low  temperatures  of 
operation  which  will  be  used  in  this  work.  The  elimination  of  organic 
compounds,  precluding  the  formation  of  stable^ CF^,  should  also  materially 
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increase  the  possibility  of  forming  these  compounds.  The  vork  should 
also  be  aided  by  the  presence  of  nitrogen-oxygen  compounds  where  the 
nitrogen  is  already  in  +2,  +3,  +4,  or  +5  valence  state;  this  is  compared 
to  the  nitrogen -hydrogen  compounds  where  the  nitrogen  formally  shows  nega¬ 
tive  valence.  In  addition,  the  probability  of  terminating  the  reaction 
prematurely  with  a  stable  intermediate  such  as  nitrogen,  is  lessened. 
Finally,  chances  of  explosion  both  in  the  cell  and  in  the  traps  is  re¬ 
duced  because  readily  oxidizable  materials  will  be  absent. 

The  need  for  milder  operating  conditions  was  indicated  by  Kyryacos  (Ref.  5). 
He  suggested  that  fragmentation  difficulties  could  be  reduced  during  the 
electrochemical  fluorination  of  1,  2-  and  1 , 3-propane diamine  in  a  Simons 
Cell  if  the  cell  could  be  operated  at  less  than  5.0  volts.  He  could  not, 
however,  find  a  measurable  rate  of  fluorination  below  this  voltage.  A 
definite  effort  will  be  made  at  Rocketdyne  to  keep  the  operating  condi¬ 
tions  mild,  thereby  increasing  the  chances  of  synthesizing  relatively  un¬ 
stable  oxidizers. 


The  freezing  points  of  N^O^-HF  solutions  (10  to  60  percent  HF)  have  been 

investigated  (Ref.  5),  and  a  large  negative  deviation  from  Raoult's  Law 

observed.  Mixtures  of  No0;^  and  HF  have  been  used  for  nitration  (Ref.  6). 

According  to  Darmois  (Ref,  7),  nitric  acid  dissolved  in  HF  dissociates  to 

NO^  and  a  proton  trapped  between  Iff1  molecules,  Fredenhagen  (Ref.  8) 

reported  that  the  addition  of  KN0o  to  anhydrous  HF  is  accompanied  by  the 

evolution  of  nitrous  gases  and  the  formation  of  a  colorless  solution. 

However,  solutions  of  KN0(J  in  IIF  give  a  violet  coloration  when  NO  is 

added  (Ref.  9),  the  color  being  attributed  to  the  formation  of  No0o+ 

ion  from  NO  FHF,  Similar  results  were  also  obtained  when  N_0.  ,  N  0_, 

2  4  9  ) 

and  NOF  were  substituted  for  KN0Q. 


R-334-15 


3 


FORM  flOB-M  PLATE  REV.  1-90 


CONFIDENTIAL 


*  ,V  o.  HOCiCEXIJYl^iK 

a  Division  of  north  American  aviation,  inc. 


a  •  o  y 
9.'  e/c.  *'J 
■  & 


<-  p  0<s 


CONFIDENTIAL 


<? 


so> 


The  first,  experiments  were  done  at  Rocketdyne  with  N^O'^,  but  NO,  NOF,  N^O, 
N^O^,  and  HNO^  are  also  of  interest.  The  electrolysis  of  these  compounds 

O  '  I.- 

in  hydrogen  fluoride  solution  could  be  expected  to  present  certain  cor- 
rosion  difficulties  not  normally  encountered  in  the  electrolysis  of 
fluorides,  because  of  the  presence  of  strong  nitrogen  oxidizers.  There¬ 
fore  knowledge  of  metallic  corrosion,  under  nonelectrolytic  as  well  as 
anodic  and  cathodic  conditions,  was  considered  necessary.  ^.In  addition,  * 

because  NO.  could  be  expected  to  behave  differently  than  those  compounds 
.  <i  4.  W  g  -c  ' 

previously  electrolyzed 'in  HF  solution,  some  insight  into  the  HF-No0 

system  and  into  the  behavior  of  ^electrodes  in  such  a  system  was  also  con-° 
sidered  necessary.  Therefore  to  maximize  the  probability  of  success  and 
to  avoid  false  starts  if  possible,  it  was  decided  to  start  the  research 
program  with  a  preliminary  investigation  to  obtain  the  above  data.  Ex¬ 
periments  were  conducted  to  obtain  only  sufficient  data  to  reach  the 

o  ■>  '■  •  ■> 

above  objectives;  therefore, a  thorough  interpretive  analysis  is  notion- 

f  ..V.  </  O 

sidered  warranted*  >  ^  >  ° 


■A 


Reaction  of  HF  With  N.O. 

2  4 


The  addition  of  ^0^  to  HF  to  form  a  colorless  solution  (Mole  ratio 
HFiN^O^  =  14: l)  is  accompanied  by  hissing  and  the  copious  evolution  of0 
fumes.  The  large  freezing  point  depression  (Ref.?  10)  in  this  system  is 
further  evidence  of  a  reaction.  o 


It  is  interesting  to  note  that  m  destroying  these  solutions  by  the  o 

dropwise  addition  of  water,  very  little  evolution  of  white  fumes  (from  HF), 

<'*■)'  ■  Cyw  ■  •  o 

but  copious  evolution  of  brown  fumes,  occurs.  Apparently  the  water  dis- 

O  '  <? 

places  the  N-O./jfrom  the  products  of  the  HF-N  Oj"  reaction.  During  this 


/:>  •  o 

^  "  c 
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work,  a  green  color  formed  in  the  solution  and  the  conditions  of  formation 
were  investigated,  oThe  addition  of  0,083  moles  of  ice  to  a  cold  solution 
of  0,036  moles  of  N^0^in°0„ 52  moles  of  I1F  caused  the  evolution  of  trown 

fumes  and  the  formation  of  a  blue  color  (probably  NL0_)  near  the  ice,  but 

*  Co  o  :  2  3 

the  solution  stayed  colorless  after  mixing.  The  further  addition  of  0.056 
moles  of  ice  caused  a  green  color  to  appear  which  darkened  upon  the  addi- 
tion  of  moreV/ice.  This  color  faded  very  slowly  over  a  period  of  several 
hours  with  the  evolution  of  brown  fumes.  The  conditions  of  formation  did 

V  O  ■  9  . 

not  appear  to  be  critical  and  the  green  color  was  produced  by  several  0 
other  ratios  of  HF,  Nn0,  and  ILO,  and  by  HF,  NaN0_  and  H.,0.  No  reference 
to  the  formation  of  a  green  color  in  HF  has  been  found,  although  a  violet 
HF,  attributed  to  the  formation  of  a  postulated  ion,  has  been  4 

reported  (Ref.  9).  ^  °  o  -  * 


Cur  rent- Voltage  RelationsBips  of  the  Electrolytic  Cell  ,  6  $•' 

O  "  ■> 

<  -  o 

The  cell  current  was  measured  as  a  function  of  the  composition  of  the 

O 

HF-NgO^  solution.  The  objective  of  these  experiments  was  primarily  to 
find  the  composition  or  compositions  at  which. the  current  was  at  a  maxi-  0 
mum,  for  a  constant  applied  voltage,  °  * 


The  apparatus  described  under  Electrolysis  Procedure  I,  page  15,  was  used 

with  nickel^ electrodes.  Current  peaks  (Fig,  l)  were  obtained  for  HF-N^O^ 

at  mole  ratios  (HF:N  0. )  of  400  1  and  36:1.  The  first  is  thought  to  be 

a  result  of  interaction  of  impurities  in  the  HF,  and  the  second,  a  result 

of  the  ionization  reaction  of  N^O  ■'  The  decrease  in  current  after  the 

second  peak  is  very  slow  and  is  probably  a  dilution  effect  caused  by 

excess  N^O.  .  '  «■  •  <, 

2  4  - 


Figure  1,  Cell  Conductance,  DC# for  IIF-N_0.  Using  Nickel  Electrodes 
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Thermodynamic  calculations  based  .on* the  free  energies  of  reaction  in  this 

?  '■  ■'  v  r,  *;  .  v  <■  '  ^ 

electrolysis  have  indicated, that  NO,  rather  than  hydrogen1,"  is  by  far  the 

C  w  O  :  >•  °  O  ’■  V.  0  ° 

most  likely  cathodic  product  of  the  electrolysis  of cHF-N^O^  solutions. 

The  evolution  of  hydrogen0  in  seme  experiments,  but  not" others,  in  theo 

•?  _  f,  'O',  ^  .;»> 

electrolysis  (Ref,  .2  and  3^  of  tetranitrome thane  solution  in  HF  presents 

o  "  .  ...  c  o  \  s  ^  o  "  . "  v  "  O  c 

a  somewhat  similar  situation.  This  raav  have  been  a  result  (in  certain 

.  •,  i  ‘  9  o  '  «  - 

experiments)  of  the  formation  "of  NO,  which  remained  in  solution,  instead 

o  ‘  v  "  ^  6  o  ,,  0  o 

of  the  formation  of  hydrogen,  *  „  4  c 

.  '  \  ‘  "  '  c  N 


Electrolysis  of  HF--No0^  Solutions 


CN  o  **■  O  ' 

Numerous  experiments  were  perf  irme  d',7;o  determine  the  optimum  conditions  :c 

9  %  o''.  '■>  „  .  O 

for  fh«  electrolysis  •'f.  HF-N.O  s  lotions,  dt  was  felt  that  the  best 
cell  design  could  be  determined  af  ter  seme  of  the  .characteristics  of  the 

•>  ’•  O  0'  ‘  v 

electrolysis  were  known,  torrent  and  voltage  readings  were  taken® with 
e  *  ‘  f  0  c  O 

various  electrode  assemblies  With  the  experimental  arrangements  used, 

cooling  was  inadequate  and  considerable  increase  m  cell  current  with 

time  was  noted.  At  this  print  in  the  wrrk,  more  carefully  controlled  ^x- 

periments  did  net  appear  to  be  justified, 

°°  ,  ,  o 

Data  (Fig.  2;  from  the  ^lectrolvsis  of  HF  compared  with  that  obtained® 
from  cthe  electrolysis  of  HP  11,0  radicate  that  water,  a  usual  impurity 
in  HP,  may  be  responsible  for  the  break  in  the  HF  £urve  at  3.0  volts. 

The  HF-NjO^  system  shows  a  similar  break  at  "2.4  volts  It  is  highly0  * 
significant  t.hat'  in  this  system  gas  evolution  was  seen  only  at  the  anode, 

°  °  o-  •'O 

which  is  foiisisiput  with  *he  free  energv  calculation  discussed  above..  The 

f>  _  °  •'  "  0  ° 

electrolysis  of  HF  with  platinum  electrodes  was  included  (Fig.  2)  for  com¬ 
parative  purposes  The  portion  of  the  curve  that  has  a  negative  slope 
was  correlated  wt  *  h  an  abserve-d  rapid  at  tab k^of  the  anode.  °  •>  * 
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In  electrolysis  work,  considerable  importance  is  usually  attached  to  re- 
ducing  cell  potential  to  prevent  decomposition.  As  can  be^seen  in  Fig."  3, 
the  use  of  another  electrode  material /"  such  as  platinum,  will  result  in 
milder  operating  conditions  by  permitting  lower  voltages  tbcbe  used.  On 
tlie^oiher  hand,  should  more  severe  conditions  be  desired,  then  monel, 

,  ^  o  i  „ 

which  requires  higher  voltages  than  nickel,  could  be  used  as  the  anode,  c 


Other  metals  were  also  examined  as  electrodes.  Type  321  stainless  steel, 
Hastelloy  C,  iron,  Inco  A,  palladium  and  cobalt  are  not  satisfactory  as  ° 
anodes.  Although  the  first  two  alloys  are  suitable  as  cathodes,  monel  is 
also  suitable  as  a  cathode.  Both  lead  and  tantalum  are  attacked  rapidly 

•  •••  ^  C  '  C  • 

without  the  application  of  current.  j*>  " 

<> 

C....  O'  *  , 

Cell  Design  o  o 

>  \  *  o  ''  ,  •  .  o  <  *  _ 

The  cell  and  associated  gas  handling  and  vacuum  equipment  were  designed 

O  c-  ° 

on  the  basis  of  the  experimental  data.  The  cell  is  being  made  relatively 

long  and  thin  so  that  a  maximum  surface-to-volume  ratio  is  obtained  for  »■ 

■'  c-  "o 

the  most  efficient  cooling.  No  gas  separation  system  is  needed  because 
gas  is  evolved  from  the  anode  only.  It  will  be  possible  to  add  a  diaphragm 

C  "  **’ 

later,  if  desired,  to  decrease  electrolyte  mixing  rates. 

/. 

O  ■' 

'  .  O 

The  cell  body  is  being  made  from  stainless  steel  because  i  ^apparently 
becomes  covered  with  an  insulating  film  and  therefore  will  not  provide" 
an  alternate  current  path  if  a  diaphragm  is  used.  Anodic  materials  con- 

°  '  ...  O 

sidered  at  the  present  time  are  platinum,  nickel  and  monel.'  It  is  im¬ 
portant  that  the  anode  area  be  equal  to,  or  greater  than  the  cathode 
area  for  maximum  cell  conductivity.  In  this  design  using  sheet  metal 
electrodes,  the  anode  and  cathode  areas  will  be  equal. 
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Figure  3^  Electrolysis  of  HF-N  0  (Mole  Ratio  36:1) 
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REACTIONS  OF  DIFLUOROUREA 
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The  availability  of  difluorourea  suggested  its  use  as  an  intermediate  in 

O  .  °  °  O  '  ' 

the  preparation  of  solid  NF  oxidizers.  Since  amides  are  readily  acyla ted, 

the"  reactions  with  acid  halides  were  investigated;  Considerable  effort 
■>  «  ..  %  *  . 
was  spent  to  demonstrate  whether  difluorourea  would  react  with  difluoro- 

*  ......  c  &  . 

carbamyl  chloride  as  follows:  o..-  '  *  - 


nf2coci 


NH  CONF  — 

6  W 


NF  CONCONF  +  HC1 
H  2 


:  .  c  -  C  .  •  5  „■  "  jj  - 

The  desired  tetraf luorobiuret  should  be  a  strong  acid  capable  of  forming 

o  < '  o  ’  •;  //  It  -  ■'  . 

salts  and  would  possibly  be  a  good  chelating  agent.  .  =' 

..  °  ^  .  '  o  "  '  *  ;  '  '  0  *  *  % 

The  reaction  of  solid  difluorourea  with  gaseous  NFoC0Cl  proceeded  slowly 

Vj  o  0  °  y  "  O 

with  the  conversion  of  most  of  the  acid  chloride  tcPchlorodifluoraniine  and 

the  formation  of  a  small  amount  of  NH.F  from  the  NH-CONEV,.  When  ether  was 
o  4  2  2 

used  as  solvent,  no  reaction  occurred,-  and,  when  pyridine  was  added  to  the 
ether  solution,  intractable  tars,  with  little  oxidizing  power,  resulted. 

O  <•  i* 

c  ...  c 

~v,To  determine  if  difluorourea  could  be  acylated}  further  experiments  were 
conducted  using  acetyl  chloride  in  place  of  the  unstable  NF2C0C1,  since 
acetyl  chloride  acetylates  urea. ^Difluorourea  did  not  react  with  acetyl 

l) 

chloride,  either  alone  or  in  ether.  When  pyridine  was  added,  tars  which 

C  ° 

could  not  be  crystallized  or  sublimed  and  which  had  lost  their  oxidizir.,; 
power,  were  again  produced.  °  c 


Similar <results  were  obtained  in  attempts  to  react  difluorourea  with 
perchloryl  fluoride,  perchloryl  fluoride  and  pyridine,  nitrosyl  fluoride 
and  nitryl  fluoride.  It  was  concluded  that  difluorourea  is  very  resistant 
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-  to  direct  substitution  by  acid  halides,  and  although  some  ,of;r.‘ihe  desired 
types  of  products  may  have  been  formed  in  the  presence  of  pyridine,  side 

?  O  '  O  %  0  O 

reactions  predominated  to  give  intractable  mixtures. 

,:C:'  .  %  «*  *■ 


\j 


c? 
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REACTIONS  OF  TETRAFLUOROHYDRAZINE 


O 


J 


a 


O  %: 


Tetraf luorohydrazine  has  been  reacted  with  many  compounds  using  t-bjityl 

peroxide  as  a  catalyst  (Ref.  ll).  Experimental  work  was  performed  to  c 

o  -  c  c  /re¬ 

determine  whether  there  is  a  primary  reaction  between  these  two  materials^- 

'  *  .%*'"*  ^  '*  i  'n  „  £ 

I,  to  form  tert-butoxydif luoramine,  t-Bu-0NFo,  which  might  pyrolyze  readily’^ 

„  to  form  HONF  .  When  NQF.  and  the  peroxide  were  heated  at  140  C,  the 

products  were  acetone,  N^O,  SiF,~,  methyldif luoramine,  tert-butyldif luoramine 
and  HCN  (probably  from  CH^NF^).  Irradiation  at  room  temperature  with  an 
H-,-6  ultraviolet  source  gave  a  similar  mixture  (except  for  alkyldif luoramines) , 

^  ...  O 

and/ irradiation  at  -80  C  produced  only  a  trace  of  HCN.  o  Thus,  the  t-butoxy 

o  >  ^ 

radical  decomposed  to  methyl  radical,  acetone  and  t-butyl  radical,  and  did 
not  react  with  NF  radical.  The  products  obtained  are  presumed  , to  have 

Ki¬ 
lleen  formed  according  to  the  following  scheme. 

r‘U  V  °  ..  o' 


CH„. 

| 

CH_  -  C  -  0- 

\3  I 

CH_ 


CH_C0CH_  + 
3  3  £ 


•CH 


3 

NF_ 


*•  ->■  '"i  HCN  +  HF 


ch3nf2 


glass 


SiF. 
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It  was  subsequently  noted  that  the  thermal  reaction  between  t-butyl  f 

'  °  -  o  ,  “  w  O  ;  ‘  o 

peroxide  and  N0F.  was  attempted  by  workers  at  the  General  Electric  Com- 
.  «•  ’  *  ■■  o  i  »  .  .«  . 

pany  (Ref.  12) \  °  They  obtained  formic  acid^and  nitrogen  tetroxide  but 

...  *  O  r\> 

none  of  the  desired  compound.  0  ••  '• 


o 


/  ’  i 

/,  -  •  v 


7/ 


REACTIONS  WITH  OZONE 


..  o. 


o 


It  was  thought  that  the  highly  reactive  ozone  might  react  with  binary 

•>  ^ 

NE  compounds  to  form  suchAsubstances  as  NF  0  from  NF  or  NF-ONF  from 

y  / 

N^F^.  It  . was  also  hoped  that  dif luorodiazine  might  display,  an  unsaturated 

character  toward  ozone.  However,  NF  ,  symmetrical  N  F  and  unsymmetrical 

<  :•<>  5  “ 

NnF^  did  not  react  with  ozonized  oxygen i  Irradiation  with  soft  ultra- 
violet  merely  decomposed  the  ozone,  and  had  no  effect  on  the  NF  compounds. 
Tetraf luorohydrazine  behaved  with  ozonized  oxygen  asoit  does  with  ordinary 

,  S  o  o 

air.  There  was  no  reaction  untile 25  minutes^had  elapsed;  then  the  con- 

C,  iA1,  * 

tents  of  the  reaction  vessel  suddenly  turned  brown.  e 


The  N0F0  isomers  used  in  this  experiment  were  obtained  directly  from 

J  -  o  5  e.  o 

fluorinated  urea  liquid  and  potassium  fluoride .  The  gaseous  product  from 
the  reaction  was  almost  pure,  containing  only  nitrogen  and  a  trace  of 


n2o. 
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EXPERIMENTA L  DETAILS 
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REACTION  OF  HF  AND  NO, 

2  4 


fi 


Nitrogen  tetroxide  (2.5  ml;  40  m  moles)  was  poured  Slowly  fin  to  HF  (4.2  ml; 

210  m  moles,  Matheson)  contained  in  a  semitransparent  Kel-F  tube'.'-  All 

5  0  ,  <,  * 

reagents  and  containers  were  cooled  in  ice  before  use.  The  NgO^ "dissolved 
with  the  formation  of  a  lemon-yellow  solution,  accompanied  by  violent  his¬ 
sing  and  initial  evolution  of  fumes.  The  vapor  space' above  °the  solution 
was  colored  light  brown.  <  .  0  o 

c  <  i 

'  -  o  o  o 

O  .  -5  :  ,  '  *  *• 

When  NgO^  (0.5  mi;  8  in  moles)  was  added  to  HFC  (24.5  ml;0  1210  m  moles)  in 
another  experiment,  the  addition  was  accompanied  by  violent  hissing.  How¬ 
ever,  no  hissing  was  noted  upon^  the  addition  of  more 


?.  o 


0 

o 


ELECTROLYSIS  EQUIPMENT  AND  PROCEDURES 


Power  was  supplied  by  a  continuously  variable,  unfiltered,  full  wave 

rectified  supply  and  measured  by  calibrated  panel  meters.  A  filtered 
*  0  s  t*ff 

power  supply  originally  ordered  for  this  work,  Knight  87FX505;;  was  sub¬ 
stituted  for  the  unfiltered  supply.  No  significant  difference  could  be 
found  in  the  electrolysis  of  HF-NgO^,  even  though  the  ripple  factor  was 
reduced  from  47  percent  to  a  maximum  of  1.5  percent. 


© 

.  /■ 


Three  different5 apparatus  configurations  were  used. ^  In  each  configuration, 
the  electrodes  were  inserted  into  the  open-vessels  from  above. 


Of? 
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The  ;was  poured  slowly  into  the  HF  <.  '  All  vessels,  graduated  cylinders, 

and  reagents  were  cooled  with  ice -before  using  and  the  mixed  solution  was 

•*'  ''  O 

cooled  for  a  few  minutes  before  electrolyzing;  f  °  ■ 


Electrolysis  Procedure,! 


V  v  ,,  C  N/  '  g 

A  translucent  Kel-F  beaker,  37  mm  ID,  65  mm  deep,  with  5  mm  walls  was 

0  0  ->  **  „  « 

used.  The  strip  electrodes  ,  7  mm  in  width,  were  immersed  to  a  depth 

of  about  18  mm  in  the  solution  and  were  spaced  13  mm;  apart.  The  beaker 


was  immersed  in  an  ice  bath  over  the  solution  level  during  electrolysis. 


Electrolysis  Procedure  II 


AAA  1  — 

A-  transparent  Kel-F  beaker,  26  mm  ID,  Jy 'mm  deep  with  .J.  2.  mm  walls 


was  used  with  10  x  10  mm  sheetyme tal  electrodes.  The  electrodes  wereo 


fully  immersed  into  the  solution,  and  connected  by  an  extension 5 of  the 
same  metal,  1  to  2  mm  wide.  Spacing  was  10  mm. 


ELECTROLYSIS  OF  COMMERCIAL  HF 


The  electrolysis  of  liquid  HF  (Matheson)  was  conducted  with  nickel  elec¬ 
trodes  and  with  platinum  electrodes,  using  Electrolysis  Procedure  II,  The 


data  (Fig.  2)  also  include  that  from  the  electrolysis  of  HF-H^O,  (Mole 


ratio  17:1)  under  the  same  conditions. 


->  *  V  ,  V  w 


No  attempt  was  made  to  compensate  for  the  loss  of  HF  or  K.0,  by 
vaporization.  -  0 <l  ''  'o 


°  *■*  If  strip  electrodes  were  unavailable,  then  rods  were  used  in  such  a 
way  that  an  equivalent  area  was  exposed. 

y  ***Xhs  use ; of oa  transparent  Kel-F rbeaker  permitted  the  visual  observation 


y  of  the> electrolysis  and  thereby,  the  initiation  of- gas  evolution. 
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ELECTROLYSIS  OF, HF-No0,  ,  «  <■  s  / 

--.■v  *  ■  c  p.  •  ,  £  —  ‘  * . 

0  ,  '  .  "  °0  "  o  ■*  .  .  ° 

Electrolysis cof  HF-N-O,  solutions,  in  the  mole  ratio  of  18: 1, using  :  Else- 

+  ’  r  ’  »  </  c  <  • 

^trolysis  Procedure  II  with  nickel  electrodes,  is  shown  in  Fig.  3.  The  ^ 

0  '  '  o'1  ^ 

substitution  of  platinum  for  the  nickel  cathode  had  little /effect.  How- 

"  O  *  »  r' »  i  • 

ever,  the  substitution  of  a  platinum  anode  caused  a  signif  iYv'r,+. -  increase 

■;  O  0  '  '  ,  \S  ‘  y  />  C-  x 

— in  current  density  at  a— g-i-ven— appl ied  voltage;  The  use  of  platinum  for 

<•  ■>  <f>  ■ 

both  the  anode  and  cathode  electrodes  (Fig.  3 )  resulted  in  an  almost 

t  identical  curve  and  an  additional  increase  in  cell  current  at  a 'given 

..vi  «»  '  v 

v  applied  voltage X  «  .  o  0  '  '  ■  0 

=o  '  ,  *  °o  *  .  ' 

'  '  -  °  ,v  O  c  "  '  . 

o  v  v  .  .  I 

The  data  from  an  experiment  using  a  palladium  anode  with  a  nickel  cathode 
shows  a  sharp  break  in  the  curve  at  1.7  volts  and  6  milliamperes;  however 
gas  evolution  did  not  start  until  the  current °delivered  was  150  mill i- 
amperes  at  2.0  volts.  The  remainder  of  the  curve  was  similar  to,  but 
underneath  the  platinum  curves.  As  might  be  expected  from  the  delayed0 

<  C  \  •*-  C;  '  ’  c  *  O 

start  of  gas  evolution",  attack,  on  the  palladium  was  very  severe.0  ° 


Dissolution  Of  both  nickel  and  platinum  were  also  noted, reaching  3  to  10 
percent  based  on  the  current  passed,®  and  assuming  a  valence  change  of  two 

O'  -  -  .  ■  O  . 

for  nickel  and  four  for  platinum.-,  ° 


Electrolysis  -  Area  Effects 


One  nickel  electrode,  19.3  nmi  wide  and  one  nickel  electrode,  3.0  mm  wide, 
were  used  alternately  as  anode  and  cathode  (Electrolysis  Procedure  i). 

,  -t>,°  ■  C  ' „  ••  . 

Significantly  higher  currents  were  measured  when  the  larger  electrode  was 
usedcas  the  anode.  For  example,  at  7V^  volt s,~ 190  milliamperes  were  meas¬ 
ured  with  the  narrow  anode ,  and  530,  mi  1  Hamper es  with  the  wide  anode.  With 

two  wide  electrodes,  the  curve  was  almost  identical  tovthat  obtained  with 

>  °  °  .  /  ~~  '  o 

the  wide  anode  and  narrow  cathode;'  °  - 
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Several  metalsxwere  tested  for  corrosion  resistance  in^a-solution  of 
N^O,  (3. 9  ml;  62  m  moles)  in  HF  (47  ml;  2320  ra  moles.') These  were 

C?  4 ■  4  _  Op.  c-  ",  ®  •fS*' 

nickel,  monel,  Hastelloy  C,  Inco  A,  and  Type  321  stainless  steel.  The 

x  )j  ®  0,1  O' 

metal  strips  and  rods  were  mounted  in  Teflon  to  prevent  electrical  con- 

o  ’’ 

tact,  then  placed  in  a  Kel-Fc tube  and  permitted  to  stand  for  17  hours 

o :  c  ...  «• 

at  about  18  C.  The  tube  was  stoppered  but  no  other  attempt  was  made  to 
exclude  moisture.  The  amount  of,, corrosion,  as  determined  by  weight  loss, 
was  negligible.  5  ^  °  0 
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SUMMARY  AND  FUTURE  WORK 


A 


i! 


li 


Investigations  of  the  HF-N  0,  system  have  led  to  a  suitable  electrolytic 

o  "  *  A  !  i  °  O 


cell  design  which  is  now  under  construction.  A  gas  handling  vacuum  system 

°  ^  °  \\ ,  .  <? 


composed  of  fluorocarbon.polymers  and  metal  has  been  designed  and  parts 


ordered. 


•>  l‘ 


O  ^ 


Investigations  of  ithe  HF-N_G.  system  will  continue.  It  is  planned  to 

6  o  ■  ji  1>  .  o»2  4.  “'ll  s  w  r  „  ■} 

determine  the  characteristics  of -copper,  gold,  manganese  and  chromium-as 
®  ,P  II  o  c 

anodes.  In  addition,' the  ac  conductance  of  the  system  will  be  determined 

i\  -S,  I  .  C 

as  a  functions  of  percent  N„0, .  Further  work  will  also>be  done  with  dc 

2  4  ■;  ■  .•  o  '  %  "  '■  o  . 

•current-vo 1  tag  e  curves;  at  several  specific  NpO,  concentrations.  » 


a 


The  substitution  of  other  solutes  for  N-,0.  islalso  being  considered, 

<>  v  o  f4  2  4  '  « 

although  it  is  planned  to  start  electrolysis  of  HF-NgO^  as  soon  as  the 

cell  and  associated  equipment  are  ready.  >> 

\\  0  ‘  *! "  *<&>  ' 


co 


Further!  study  of,  the  reactions  of  difluorourea  have,. -  ^hown  no  promising 


chemistry.  Reactions  with  active  halogen  compounds  did  not  yield  sub- 


j: 


stitution  products  on  the  N-Hnitrogen  as  hoped.  Reactions  of  various 

nitrogen^f luorine  compounds  with  ozone  gave-no  new  products^ 
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